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20.  Abstract 


Spsclflc  applications  for  randomly  twidnod  43m  crystals  are  shovm.  To  form 
a proper  theory  for  the  development  of  such  crystals  we  have  studied  the  effects 
of  crystal  absorption  and  twin  spacing  on  such  crystals.  We  have  also  calcu- 
lated the  distribution  fxmctlon  of  the  expected  power  from  randomly  twinned  crys 
tals  and  have  shown  It  to  take  the  form 
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In  our  research  on  nonlinear  crystals  and  processes  fur  frequency 
mixing  In  the  Infrared  we  have  made»progress  along  two  fronts. 

We  have  produced  tunable  infrared  from  llu  to  23u  by  mixing  the 
outputs  from  two  ruby-pumped  dye  lasers  In  proustite.  Peak  powers  of 
2 watts  were  shown  for  the  wavelength  range  16-20u.  Analysis  of  the 
output  power  verses  wavelength  showed  that  beam  convergence  at  .he  non- 
linear crystal  can  be  responsible  for  a substantial  reduction  In  output 
from  that  which  one  would  expect  were  the  crystal  at  the  beam  waste. 

This  effect  la  studied  quantitatively  and  an  excellent  agreement  Is 

found  between  theory  and  experiment. 

We  show  that  there  are  applications  where  randomly  twinned  crystals 
could  meet  specific  needs  for  crystals  to  be  used  In  nonlinear  mixing 
processes.  In  order  to  lay  a proper  background  for  the  development  of 
such  crystals  we  have  made  a preliminary  theoretical  Investigation  of 
the  effects  of  crystal  absorption  and  twin  spacing  on  the  power  produc- 
tion from  a randomly  twinned  crystal.  We  have  also  found  the  probability 
distribution  function  for  the  power  produced  by  a randomly  twinned 
crystal.  This  distribution  function  has  the  form 
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wh«re  N i*  th«  auober  of  twin*  with  spaclngs  largor  than  the  coharanca 
langth,  and  N » 1 . Pi*  normalized  so  that  N twin  planes  give  on 
the  average  a power  of  N . Since  the  distribution  is  quite  wide  there 
is  a substantial  probability  of  getting  much  less  power  than  expected. 
The  probability  of  observing  an  enhancement  of  N/2  or  less  for  N 
twins  is  402.  Accordingly  soma  crystal  selection  will  be  necessary. 
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Reaearch  Program; 

In  our  reaearch  program  we  have  been  studying  In  detail,  various 
approaches  to  the  production  of  tunable  Infrared  power.  The  emphasis 
of  this  program  lies  with  nonlinear  mixing  In  solids.  In  tills  vein 
we  are  studying  traditional  phase  matchable  materials  and  also  materials 
that  are  not  traditionally  phase  matchable  but  are  potentially  so  given 
the  development  of  techniques  to  produce  controlled  twinning.  Ramar 
shifting  of  dye  laser  radiation  to  produce  tunable  I.R.  has  great 
potential.  We  are  not  currently  ;>ressing  this  program. 

Accomplishments ; 

A)  Phase  Matchable  Materials.  We  have  studied  difference  frequency 
generation  in  prouatlte  in  a frequency  range  where  the  crystal  shows 
substantial  absorption.  The  variation  of  the  absorption  coefficient  with 
wavelength  was  used  to  probe  the  effective  coherence  length  of  the  mixing 
process  and  show  that  even  a weak  beam  convergence  or  divergence  at  the 
cfygtal  can  produce  a substantial  reduction  in  the  difference  frequency 
power  from  that  which  one  would  expect  were  the  crystal  at  the  beam  waist. 


This  work.  Is  being  written  for  publication  and  a draft  of  this  paper 
appears  as  Appendix  I. 

B)  Phase  Matching  by  Twin  Planes.  The  coherence  length  for  some 
nonlinear  mixing  processes  In  A3m  materials  can  be  fairly  Icig*  For 
example  the  coherence  length  for  frequency  doubling  of  10. 6y  radiation 
la  greater  than  200u  for  both  CdTe  and  ZnTe.  This  combination  of  large 
coherence  length,  large  nonlinear  coefficient  and  high  damage  threshold 
means  that  It  Is  practical  to  consider  synthesizing  a crystal  from  a 
stack  of  carefully  cut  and  polished  plates,  each  with  a precise  orien- 
tation and  thickness.  A relatively  few  plates  (5  or  6)  Is  quite  suf- 
ficient to  cause  pump  depletion.  Such  an  experiment  is  currently  In 
progress  at  Los  Alamos  using  CdTe.  In  order  to  assure  some  strength 
these  plates  were  cut  and  polished  to  a thickness  several  times  the 
coherence  length.  The  orienting,  cutting,  and  polishing  requirements 
are  quite  stringent  as  each  plate  must  be  oriented  so  that  both  the 
fundamental  and  the  harmonic  beam  have  the  same  polarization  and  can 
enter  and  leave  the  crystals  at  Brewster's  angle.  The  optical  path 
length  Inside  the  crystal  must  also  be  very  close  to  n + 1/2  coherence 
lengths  so  that  the  cumulative  errors  of  several  plates  will  not  be 
Inportant. 

It  occurred  to  us  that  the  same  result  could  be  achieved  much  more 
readily  by  using  a randomly  twinned  crystal  with  30  or  more  twins  spaced 
by  at  least  200u.  This  crystal  would  have  approximately  the  same  thick- 
ness as  the  synthesized  crystal  but  would  not  ha/e  the  same  orientation 


r«qulr«iaMxti.  It  would  also  have  only  two  surfaces,  nelth<»r  one  critical. 
The  power  produced  by  the  stack  of  plates  is  proportional  to  the  square 
of  the  number  of  plates  (Ignoring  depletion)  while  for  randomly  spacing 
we  expect  a linear  relationship  between  the  number  of  twins  and  the 
power  produced.  Accordingly  30  randomly  spaced  twins  would  produce  as 

much  harmonic  power  as  S or  6 plates. 

Since  for  such  appllcatloiia  randomly  twinned  crystals  appear  to 
have  considerable  potential  we  have  considered  randomly  twinned  crystals 
from  a theoretical  standpoint.  Appendices  II,  III,  and  IV  study 
briefly  three  different  aspects  of  this  problem. 


.. 


APPENDIX  I 


DIFFEBENCE  FREQUENCY  GENERATION 
IN  PROUSTITE  FROM  11  TO  23w 


Proustlt*  has  bean  shown  to  be  a useful  nonlinear  material  by  a 
multiplicity  of  authors.  Harmonlc^^^  and  difference-frequency  gener- 
ation, parametric  oscillation, and  up  conversion^^ 

have  been  successfully  accomplished  over  the  wavelength  range  of  about 

I to  12y,  The  high  intrinsic  absorptivity  of  this  material  for  wave- 
lengths greater  than  12;i,  however,  has  provided  a deterrent  for  nonlinear 
nixing  experiments  at  these  longer  wavelengths.  In  this  experiment  we 
have  used  difference-frequency  generation  in  proustlte  to  produce  tun- 
able I.R.  over  the  wavelength  range  11  to  23»i.  Despite  substantial 
absorption,  significant  levels  of  I.R.  power  are  achieved  over  most  of 
this  wavelength  range. 

A ruby  laser  was  used  to  end  pump  two  tunable  dye  lasers  operating 
with  orthogonal  polarizations.  These  two  lasers  operated  in  the  wave- 
length range  .84  l.Oy  using  Kodak  dye  Air  1 and  Nippon  Kankoh-Shlklso 
Kenkyusho  dye  NK  1748.  The  dye  laser  outputs  were  about  5 m^  with  a 

pulse  width  of  about  30  ns.  The  llnewi  iths  were  measured  to  be  about 
o 

3 A.  By  mixing  the  output  of  these  two  dye  lasers  the  entire  range  of 

II  to  23u  could  be  phase  matched  with  only  a 7°  rotation  of  the  picviatlte 
crystal.  The  pnsse  matching  angles  were  found  to  be  close  to  chose  cal- 
culated from  the  index  of  refraction  data  of  Hobden^^^^  In  order  Co 
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corralat*  the  generated  infrared  power  with  the  absorptivity  of 
proustlte  it  waa  necessary  to  measure  the  absorption  coefficient  of 
proustlte  over  the  wavelength  range  of  interest.  Previous  measurements 
of  the  proustlte  absorption  coefficient  in  this  wavelength  range^^^’^ 
were  not  sufficiently  quantitative  for  our  purposes.  Proustlte  is  a 
negatively  birefrlngent  uniaxial  crystal,  and  type  1 phase  matching  was 
used.  The  I.R.  signal  exists  in  the  crystal  as  an  ordinary  wave; 
accordingly,  we  measured  the  ordinary  wave  absorption  coefficient.  This 
measurement  was  performed  on  a Beckman  IR-12  dual-beam  spectrophotometer 
operated  in  the  single  beam  mode.  Polarization  was  provided  by  an  AgCl 
polarizer.  Transmission  measurements  were  made  on  crystals^^^^  (grown, 
cut  and  polished  by  R.R.S)  with  thicknesses  of  3 mm,  1.0  mm  and  0.3  mm. 
The  results  of  these  measurements  are  shown  on  Figure  1. 

The  absorption  peaks  at  lOy,  14. Sy,  16. 5y  and  22. Sy  are  readily 
identlfiables  as  combination  and  overtona  bands  by  reference  to  the 
cooprehenslve  work^^^  of  Byer,  Bobb,  Lafkowltz  and  Deaver.  Their 
notation  is  used  in  the  absorption  peak  identifications  shown  in  Fig.  1. 

Maasurements  were  made  of  the  infrared  power  generated  by  mixing 
the  outputs  of  the  two  ruby-pumped  dye  lasers  in  a 4 mm  thick  proustlte 
crystal^^^^  . The  crystal  was  cut  20^  to  the  optic  axis  in  the  appro- 
priate quadrant  to  make  the  d^^  and  d^2  contributions  to  the  nonlinear 
polarizations  additivc^^^^ . For  each  wavelength  the  crystal  orientation 
was  adjusted  for  optimum  output.  Focusing  of  the  dye  laser  beams  was 
acconpllshed  with  a 35  cm  focal  length  lens.  A f:2  mirror  was  used  to 
focus  the  Infrared  radiation  leaving  the  crystal  onto  HgCdTe  detector. 
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The  rMults  of  theso  Dtuuratacats  arc  shown  on  Fig.  1.  The 
responslvlty  of  the  HgCdTe  detector  used  for  these  neasureoents  peaked 
at  about  17u  and  fell  off  rapidly  at  longer  wavelengths.  The  exact  shape 
of  the  detector  response  curve  Is  of  considerable  Inportance  for  deter- 
mining the  power  levels  reached  for  wavelengths  greater  than  17p. 

A twinned  ZnSe  cryatal^^^^  was  used  In  place  of  the  proustlte  to 
calibrate  the  detector.  This  crystal  Is  transparent  out  to  about  22\x. 

Pa*t  17y  the  detected  signal  was  observed  to  chop  off  at  between  a factor 

2 

of  2.4  and  2.8  per  micron.  Correcting  for  the  expected  X dependence 
of  the  difference  frequency  generation,  and  adding  an  additional  factor 
of  X to  compensate  for  the  reduced  number  of  twins  available  at  longer 
wavelengths  we  find  the  detector  fall  off  to  be  between  2.w  and  2.4  per 
micron.  We  have  adopted  the  factor  of  2 fall  off  rata  for  these  mea- 
surements as  It  seems  to  describe  the  data  most  consistently. 

In  order  to  see  the  Influence  of  absorption  on  the  Infrared  power 
produced  In  the  experiment  we  must  first  remove  the  wavelength  dependence. 
Besides  the  explicit  X._  power  dependence  the  variation  of  the  Indices 
of  refraction  and  nonlinear  coefficient  with  wavelength  must  be  con- 
sidered. The  refractive  Index  variations  are  small  for  the  difference 
frequency  wavelength  range  10  24y  both  for  the  IR  beam  and  the  pump 

beams.  This  Implies  by  Miller’s  rule^^®^  that  the  nonlinear  coefficient 
will  filso  change  only  slightly.  We  consider  these  wave’engths  too  far 
removeu  from  restrahl  for  resonance  effects  such  as  those  seen  by  Faust 

and  Henry^^^^  to  be  Important.  Thus  to  some  reasonable  approximation 

_2 

the  wavelength  dependence  only  as  the  usual  X term  and  Indirectly 


s' 


through  tho  absorptloa  coafflclcxit.  Thus  ws  find 


PX^  - A 


vhers  sfftctlva  crystal  length  taking  into  account 


absorption,  be;im  walk  off  and  the  like,  Fi'.gure  2 shows  ^eff  , suitably 

nonoallzed,  plotted  against  the  absorption  coefficient  ci  data  at  all 

2 

wavelengths  we  measured.  (The  normallr.atlon  of  will  be  apparent 

later.)  Since  this  plot  combines  the  experlmeniial  errors  of  both  the 


absorption  coefficient  and  I.R.  difference  frequency  experiments,  It  Is 


not  surprising  that  there  Is  substantial  scatter  In  the  data. 


7'he  effective  length  of  an  absorbing  crystal  used  In  a difference 


frequency  generation  experiment  can  be  readily  derived.  Following  the 


approach  of  Mlllsr  and  Nordland^'^’  ^ we  find  for  perfect  phase  matching 


(¥)'  ■ — 
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(a/2)‘ 


It  Is  not  possible  to  fit  the  observed  data  with  this  function. 


This  equation  appears  as  the  AK  > 0 curve  on  Figure  2 . The  only  free 


parameter  In  this  equation  Is  the  normalization  which  corresponds  to  an 


arbitral^  displacement  of  the  curve  along  the  vertical  axis.  It  Is 


clear  that  If  the  curve  Is  forced  to  fit  the  data  for  large  a It  will 


not  fit  for  small  a and  vice  versa.  In  the  limit  of  strong  absorption. 


we  expect  an  1/a  dependence  of  the  power  regardless  of  other  effects, 
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aad  accordingly  it  la  appropriate  to  match  aquation  (2)  to  th«  large  a 
points.  The  discrepancy  between  the  observed  and  expected  values  for 
small  a must  be  due  to  a limitation  other  than  crystal  length. 

Double  refraction  and  beam  divergence are  not  to  blame,  as  for 
this  experiment  both  the  aperture  length  and  the  effective  length  of 
focus  were  substantially  greater  than  the  crystal  length.  Nor  Is  It 
possible  that  the  dye  laser  llnewldtha  are  reaponslble,  as  they  are  only 
about  A cm  and  the  phase  matching  angle  varies  only  very  slcwly  with 
wavelength.  (Indeed  at  18u  this  change  Is  zero.)  However  Che  crystal 
was  not  platwtd  at  the  focus  of  the  lens,  and  accordingly  the  crystal 
spread  meant  that  all  parts  of  the  input  beams  could  not  be  phase  matched 
for  the  same  crystal  orientation.  This  effect  was  responsible  for  the 
early  satuvaclon  of  the  power  production. 

In  order  to  determine  quantitatively  the  effect  of  this  spread  of 
Input  angles  we  must  return  to  a more  general  form  of  equation  2,  leaving 
In  the  effect  of  Imperfect  phase  matching  and  Integrating  over  a dis- 
tribution of  Input  angles. 


I 


(l+e"°^  - ccs(AK(0,(»L) 


'eff 


+ (oL/2)^ 


lj^(0,(^)  I2(0,<|))d0  d<|) 


I lj^(0,0)  I2<0.^)d0  d(> 


(3) 


Here  1^(0, 4>)  , 12(0,^)  are  the  intensity  distribution  of  the  point 

/n.(0,<|))  n-  VI3  \ 

beans  and  AK(0,0)  ■ 2irl ^ ~ ~ ~ T~  }’  have  assumed  that  the 
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crystal  Is  far  from  the  focal  point  of  the  lens  so  that  1^(6, (j>)  and 

are  essentially  constant  over  the  length  of  the  crystal. 

This  integration  is  not  possible  co  do  analytically  in  general,  but 

can  be  approximated  after  some  siDpllfying  assumptions  are  made.  First, 

we  assume  1.(6,^)  and  1,  (6,<^)  are  rectangular  functions  with  the 

same  width.  This  is  a good  approximation  for  our  case  as  the  dye  .\at>.ers 

were  run  multimode  and  apertured  outside  the  cavity.  Secondly,  we 

consider  the  distribution  of  input  angles  to  be  the  same  for  both  dye 

beams,  appropriate  for  our  case,  but  not  in  general  as  often  lenses  ere 

(2  4) 

used  to  match  beam  sizes  and  are  accordingly  only  used  In  one  beam  ' 
5iince  the  outputs  of  the  two  dye  lasers  employed  in  our  experiment  had 
nearly  Identical  spatial  characteristics,  the  lens  was  used  to  adjust 
Che  power  density  at  the  crystal.  For  the  phase  matching  angle  used 
in  this  experiment,  the  angular  spread  in  the  plane  of  the  optic  axis 
contributed  much  more  to  Che  mismatch  than  the  spread  perpendicular  to  • 
it  and  we  can  ignore  the  contribution  due  to  the  beam  spread  perpen- 
dicular to  the  optic  axis. 

After  defining  the  full  width  of  the  rectangular  functions  1^(6, (^) 

as  a ; and  defining  g “ we  can  look  at  this  equation  in  a few 

— au 

of  its  limits: 


1)  for  oL  » 1, 


2)  for  gaL  « 1, 


oL  » gaL 


oL  « 1 


4 

(oL)^ 
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for  oL  « 1, 


g«L  » 1 


2tt 

g«L 
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I (1. 
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( I ■ 
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IntfiTmedlatfi  values  can  be  obtained  by  machine  integration.  Where 
graat  accuracy  is  not  required  the  approximation  of  the  integration  for 
gaL  » 1 is  given  by 


■1  iii  + 

oL 


•Lais  equation  is  plotted  in  figure  2 for  various  values  of  gaL.  Best 
fit  to  the  data  la  found  with  gaL  - 20  . This  is  in  reasonable  agree- 
ment with  experiment  as  ga  ■ AO  cm  ^ for  our  experiment  and  L ■ .4  cm 
giving  an  anticipated  value  of  gaL  of  16. 

In  conclusion  we  have  shown  that  reasonable  levels  of  tunable 
inflated  power  can  be  produced  in  crystals  that  show  strong  absorption. 
In  assessing  the  value  of  a nonlinear  crystal,  it  is  apparent  that  such 
terms  as  transparent  and  opague  ihoidd  bii  usiid.wlth  caution.  Wa  have 
also  shown  the  effect  of  a spread  of  beam  ant;ies  on  the  power  produced 
in  a nonlinear  crystal.  Even  ;v  weak  beam  convergence  can  lead  to  a 
substantial  reduction  in  the  d.fference  frequency  power  generated. 
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APPENDIX  II 


POWER  PRODUCED  BY  HARMONIC  GENERATION  IN  A 
RANDOMLY  TWINNED  ABSORBING  CRYSTAL 


W«  show  here  e derlvatloa  of  equecloa  (1)  given  without  proof  In 
our  paper  Enhancement  of  Second-Harmonic  Generation  In  Zinc  Selenlde 
by  Cryetal  Defects. 

We  choie  ae  a comfortable  starting  point  equation  2.41  (page  43) 
of  Zamlke  and  Midwinter's  book  Applied  Nonlinear  Optics. 

For  general  co^  + mixing 
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In  the  special  case  of  frequency  doubling  E^  • E^  • Also 
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wherv:  the  subscript  1 refers  to  the  fundamental  and  3 to  the  harmonic. 
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With  N twins,  the  crystal  Is  broken  Into  N + 1 domains  with  a 
reversal  of  sign  of  the  nonlinear  coefficient  In  each  domain.  If  the 
twins  appear  at  positions  L^ 
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R.  C.  Miller  «.d  W.  A.  Motdl«>d  [Phye.  Rey..  B2.  ‘896.  (1970)1  .how  how 


Co  account  for  absorption: 
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Bare  the  priaed  n and  K are  pure  real.  Substituting  we  find: 


-8tt  U),  d,,,E.  1 iAK'L 

3 113  1 _ (_i)^l  + 2 (-1)^  e ■'  e (6) 

Kj  c^  (AK-ia/2)  L 


\ corresponds  to  the  far  edge  of  the  cryf.al  so  - 0 and 

-r^where  L is  the  crystal  length.  Assume  a large  number  of  twins 

with  AKL  » 1 . 
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Obviously  (7)  la  of  little  help  when  we  don't  know  the  values  of  the  L^, 
but  If  we  assume  they  are  randomly  spaced  everything  simplifies  greatly. 
For  close  twin  spacings  27T  » (AK(L^  - the  second  term  contri- 

butes nothing  as  it  alternates  sign  with  each  twin  while  the  cosine  term 
changes  only  slightly.  For  wide  twin  ;ipacings  AK(Lj-  ^ 

cosine  term  has  essentially  r'mdomired  iiy  the  next  plane  so  for  randomly 
spaced  twins  this  term  will  contribute  nothing.  The  third  term  will 
auffar  the  same  cancellations  except  for  the  cases  J ■ k . So  under  this 
assuBiptlon 
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If  we  assume  the  twins  are  roughly  evenly  distributed  through  the 
crystal,  then  the  sum  can  be  replaced  by  an  integral  for  large  N 
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But  by  Millar* I rula 
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whcra  • material  conatant  independent  of  the  index  (Miller's 
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The  key  approximation  appears  in  the  step  between  equations  7 and  8. 
The  assumption  there  is  that  the  phases  of  the  radiation  emitted  by  each 
segment  are  randomly  correlated.  In  practice  there  is  some  accidental 
correlation  which  brings  in  contributions  from  those  terms.  P^ecently  we 
took  one  crystal  orientation  and  swept  AK  (by  changing  X)  und  obser’sd 
large  fluctwitions  in  the  power  produced  in  a difference  frequency  mea- 
surement. This  modulation  results  from  the  changing  contributions  from 
these  tense  (which  can  subtract  from  the  power  produced  as  well  as  add 
to  it) . Periodic  twinning  with  the  right  spacing  would  produce  positive 
contributions  from  all  these  terms. 
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APPENDIX  III 


DIFFERENCE  FREQUENCY  POWER  PRODUCED  BY 
N TWINS  WITH  AN  AP3ITRA.PY  SPACING 


IN  A NON-ABSORBING  43a  CRYSTAL 


In  this  model  we  consider  a crystal  with  N twin  planes  separated 


by  distances  large  coopared  to  a coherence  length. 
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For  simplicity  we  will  assume  N » 1 so  we  can  ignore  contributions 
from  the  ends.  We  also  consider  oL  « 1 so  that  absorption  effects 
are  negligible.  In  this  case  for  difference  frequency  generation 
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This  equation  follows  from  equation  (7)  in  Appendix  II. 
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W«  break  down  chls  equation  to  see  separately  the  contrioutions 
from  the  j - k and  the  j +•  k terms 
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A simplest  model  of  the  twin  spacing  would  evoke  a function 

e (x-x  ) which  is  defined  as  the  probability  of  finding  the  next  twin 
®1  o 

at  position  X , given  a twin  at  position  x^  . We  assume  here  that  a 
twin's  positional  probability  can  be  written  as  a function  of  che  posi- 
tion of  the  previous  twin  without  explicit  dependence  on  the  position 
of  the  twin  before  that  one,  and  also  that  knowledge  of  the  positions 
of  all  previous  twins  will  provide  no  further  information.  This  is  a 
very  powerfxil  assumption  and  probably  is  not  generally  the  case.  Given 
that  assumption  we  can  proceed  to  find  g^(x-x^)  , the  probability  of 
finding  at  x the  n^^  twin  away  from  the  twin  at  x^  . 


g.(x-x^)  - J gj^(x-x')dx’ 


(3) 
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We  recum  to  equation  (2)  for  a moment  and  rewrite  it  by  twin 


a pacings 


N-1  N-k 


NOW  we  average  over  the  probability  distributions  to  get  the  average 


power. 
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Consider  first  the  case  where  the  coherence  length  la  very  long 


or  gu(x)  has  very  small  values.  In  this  limit 


We  find  then  that  the  power  radiated  from  a group  of  N twins  randomly 
spaced  but  with  a characteristic  spacing  AL  goes  roughly 


A accurate  description  of  the  region  between  0 and  2it/AK  would 
require  accurate  knowledge  of  the 
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DISTRIBUTION  OF  OUTPUT  POWERS  OF  A RANDOMLY  TWINNED 
NON  ABSORBING  CRYSTAL  WHERE  THE  COHERENCE  LENGTH 
IS  MUCH  SMALLER  THAN  THE  TWIN  SPACING 


In  this  model  we  consider  a crystal  with  N twin  planes  separated 
by  distances  large  compared  to  a coherence  length. 


For  slnpllclty  we  assume  N » 1 so  we  can  Ignore  the  contributions 
from  the  ends.  We  also  consider  oL  « 1 so  that  absorption  effects 
are  negligible.  In  this  case  the  radiation  £ fields  effectively  pro- 
duced at  each  twin  site  add  up  as  In  a random  walk. 
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Th«  probability  dlstrlbutloa  of  the  end  point  ti)(E)  la  detenalned  by 
this  two  dimensional  random  walk. 
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(1) 


Here  we  have  chosen  the  normalization  so  that  the  field  produced  for 
each  twin  Is  of  unit  value. 

The  distribution  Is  radially  symmetric  so  we  can  convert  from 
E to  E magnitude  easily 
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We  can  check  what  the  average  power  we  can  expect  Is  by  solving 
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For  clarity  we  substitute  P ■ E , dP  ■ 2EdE  so 
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which  Is  as  we  expected. 

We  also  have  found  the  probability  distribution  function  for  P 
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^'TXLy  practical  experimental  situations,  a spread  of  conver- 
gence angles,  local  spatial  heating  and  spreads  of  Input  wavelengths 
will  mean  that  a number  of  different  samples  of  this  distribution  will 
be  made  for  each  pulse.  Effectively,  different  parts  of  the  beam  will 
see  different  sets  of  spaclngs  of  the  twins.  As  has  been  done  In 
other  branches  of  physics  we  shall  loosely  define  a term  "coherence 
area"  to  refer  to  that  part  of  the  beam  that  sees  the  same  set  of  twin 
spa>^lngs.  For  the  next  section  we  will  consider  the  case  of  there 
being  m such  coherence  areas  each  sharing  the  same  fraction  of  the 
Input  beam. 

To  develop  the  function  (u(P,m)  we  shall  first  find  u(F,2) 
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Continuing, 
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By  now  the  limit  Is  clsar 
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This  has  ths  form  of  a polssonian  distribution 
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which  has,  in  the  limit  of  lar?e  ^ , the  form 
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Accordingly  we  find 
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for  large  u 


We  have  now  m times  as  great  an  average  pcuer,  as  m different 
system  were  added  together.  In  reality  each  of  these  systems  had 
1/m  of  the  input  power  so  we  must  substitute  mP  for  P . 
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For  large  m (already  asauced  in  (11))  this  becooea 
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which  has  a half  width  of  }n/\/m  . 


To  find  a r.m.s.  fluctuation  of  a factor  of  two  one  would  therefore 


need 
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ZnTo 

1 A 

6.66 

4.00 

4.37 

— • . ¥n*th  8.« 

1.93 

1.90 

3.01 

-C^l  c2 

0666 

0.113 

0.143 

(c.1 


Formula  («  eo(eu(o(in|  tfiormol  onpontton  voriuo  (omporoaro; 

CdS  k L-L- (1  *4.0»  10^  ♦ 11.S  » 10“*T*- 15  » 10~*‘T4| 

He  L • L„  (1  ♦ 3.4  0 10~*T  «4.9  * 10“*T*-  9 x 


CdSo 


ic 

He 


■ L,  (1  ♦ 4 * K 10^  ♦ 3.0  0 10"^5 


ZnTo 


ZnSo 


.(3*1 


L*  (1  ♦ 3J  « 10“*T  0 3.0  X 10~M| 

L*L„(1  x8  3x  10^»6.9x  10"*T*  - 5 x 10“’*T®1 
Lg  • Lon((h  w 0°C.  T mn  ^ 

0,  -S.ISII  X 10”*  *4.16  X 10“ ’^1  X 3.13  x 10"**(*  ♦ 3.79  x 10“*®(^ 
whoro  0,  If  (ho  lo((ico  conMom  in  cm  0(  (%. 
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